Breast cancer is a major public health problem worldwide. It is the most frequent cancer with 1.05 million new cases diagnosed every year and represents over 20% of all malignancies among females [1] . The incidence of breast cancer has steadily increased in India over the years and as many as 100,000 new patients are being detected every year [2] . Adjuvant radiation after breast conserving surgery decreases the risk of local recurrence by two-third and results in survival equivalent to that achieved by patients treated with mastectomy [3] . Most mastectomy series show that more than 50% of loco regional failures (LRF) occur on the chest wall, with the mastectomy scar at greatest risk for recurrence. Therefore, treatment to the chest wall is recommended for almost all post mastectomy patients. The second most common site of LRF is the supraclavicular/infra clavicular (axilllary apex) region. As many as 33% of LRF occur in this region, with absolute rates of first failure reported in up to 18% of patients, depending upon extent of axilllary involvement and tumor size [4, 5] . Post mastectomy radiotherapy includes treatment to the chest wall and draining lymphatics. The most commonly used technique to treat the whole breast is Original Article Purpose: This study evaluates the dose distribution of tangential beam intensity modulated radiotherapy (IMRT) compared to tangential beam three-dimensional conformal radiotherapy (3D-CRT) in carcinoma breast. Methods: Tangential beam IMRT and tangential beam 3D-CRT plans were generated in 54 postoperative breast cancer patients. Planning target volume (PTV) definition of chest wall and intact breast was done according to Breast Cancer Atlas for Radiation Therapy Oncology Group. The prescribed dose was 50 Gy in 25 fractions. Dose volume histograms was evaluated for PTV and organs at risk, parameters of the dose distribution were compared for 3D-CRT and IMRT using Wilcoxon Matched pairs test. The dosages were clinically correlated with normal tissue reactions. Results: No difference in the conformity index but IMRT improves the homogeneity index significantly (P<0.01). The mean dose to all organs at risk was lesser in IMRT as compared to 3D-CRT of which the dose to contralateral lung was significantly lower with IMRT (111.7 cGy vs. 41.98 cGy, P=0.024). Tangential beam IMRT significantly reduces ipsilateral lung V20% by 24%. Heart V70% is decreased by V74% and V30% by V38% doses but not statistically significant. Conclusion: Tangential beam IMRT in breast cancer offers the potential to significantly reduce the dose-volume of the ipsilateral lung and dose volume of the heart which will translate into decrease in risk of cardiac and lung toxicity and also decreased second cancer risk. IMRT definitely decreases the acute skin reactions in all patients.
INTRODUCTION
currently called a tangent beam. The tangential beam includes part of the anterior thoracic cavity, thereby, potentially affecting the organs at risk (OAR), in particular the lung and heart. Due to the curvature of the breast and the chest wall, some volume of lung (and the heart in left-sided breast cancers) is included in the radiation beam. Randomized, retrospective and population based studies have shown that radiotherapy of chest wall is associated with significantly increased risk of developing ipsilateral second lung cancer [6] and in patients treated on left side with significantly increased risk of cardiac morbidity and mortality [7] .
Clinically it is not possible to estimate the effect of heart dose volume reduction by the tangential beam intensity modulated radiotherapy (IMRT). Radiation associated heart disease involves a spectrum of clinical diagnosis including pancarditis, pericarditis, cardiomyopathy and coronary heart disease with ischeamic heart disease. Clinical presentations of radiation induced heart disease have been observed in patients who received therapeutic doses of about ≥ 35 Gy to partial volumes of the heart [8] . Predisposing factors for radiation induced heart disease are pre-existing cardiovascular disease, smoking, obesity, and hypertension as well as the use of cardiotoxic agents such as anthracycline, paclitaxel and trastuzumab. The long-term risk of dying of cardiac disease is of particular concern for women treated for left sided breast cancer with contemporary tangential breast or chest wall radiotherapy. The risk may increase with a longer follow up, even after 20 years following radiotherapy [9] . An increased risk of secondary tumours has been observed in breast cancer patients treated with older radiation techniques, which combined higher radiation dose and larger tissue volumes. The carcinogenic effects of radiotherapy used for the treatment of breast cancer patients have recently been reviewed. Second malignancies develop in the radiation field in a small number of cases. The two types of potentially lethal malignancy that appear in the radiation field most often are soft tissue and bone sarcomas and lung cancer [10] .
A variety of dosimetric studies have suggested that IMRT potentially leads to a more favorable dose distribution compared to three-dimensional planned conformal radiotherapy (3D-CRT) for the radiotherapy of the whole breast after breast conserving surgery [11] . Radiotherapy treatment planning for the chest wall is complex due to missing tissue and the presence of lung tissue within the treatment field. Accurate dose distribution is important as doses to neighboring OAR, such as heart, lungs and contralateral breast, needs to be minimized [12] .
There are many differences between the target volume of the chest wall and the whole breast. The shape of the target volume of the chest wall is usually shallower compared to the whole breast. In addition, in stage I-IIA patients the pectoralis muscle, chest wall muscles and ribs may be excluded in the target volume of the whole breast, whereas these structures are included in the target volume of the chest wall. Due to these differences in the target volume, results of a dosimetric study of the radiotherapy of the whole breast may not be completely applicable to the radiotherapy of the chest wall. Thus, a dosimetric study of the chest wall and whole breast is required to compare IMRT with 3D-CRT in postoperative breast cancer patients.
This study has been designed to evaluate the dose distribution of tangential beam forward planning IMRT in breast cancer patients compared to tangential beam 3D-CRT and correlate the same with normal tissue toxicity.
METHODS
Fifty four postoperative breast cancer patients coming to a tertiary care center were included in the study out of which 44 patients underwent modified radical mastectomy and breast conservative surgery conservation surgery in 10 patient. A tangential beam IMRT plan and a standard tangential beam 3D-CRT plan were generated. Twenty one patients had right-sided breast cancer and thirty-two had left-sided, while one patient had bilateral breast cancer. The target volumes and the dose prescribed according to the International Commission on Radiation Units and Measurement Reports 50 and 62 recommendations. According to this target volume should be surrounded by the 95% isodose line. The planning target volume (PTV) for chest wall and intact breast was defined according to the Breast Cancer Atlas for radiation therapy planning consensus definitions of the Radiation Therapy Oncology Group. The chest wall with the pectoralis muscle, chest wall muscles, and ribs, were included in PTV and excluded the outermost 3 mm from the superficial skin surface. PTV of the intact breast included apparent computed tomography (CT) glandular breast tissue and excluded the chest wall, pectoralis muscle, ribs, skin with additional 3D margin of 5 mm around the breast clinical target volume (CTV) The heart was defined as all visible myocardium, from the apex to the right auricle, atrium, and infundibulum of the ventricle. The pulmonary trunk, root of the ascending aorta, and superior vena cava were excluded.
Treatment techniques
A non-contrast CT-simulation was performed in the supine position on a breast board with the ipsilateral arm up and head turned to the contralateral side. Radio-opaque wires were used to mark the mastectomy scar and the clinical boundaries (inferior aspect of clavicular head, mid sternum, mid axillary line, 2 cm below the level of the contralateral infra-mammary sulcus). A spiral CT scan was performed using 3 mm slice thickness. The CT scanning reference point value is two tailed and values of < 0.05 were considered significant.
Tangential beam 3D-CRT technique
Two tangential semi-opposed beams (to avoid divergence) and a Multileaf Collimator were used for 3D-CRT. The beam angles, wedge angles, and beam weighting (usually minimal) were chosen to optimize coverage of the PTV, while minimizing exposure to the ipsilateral and contralateral lung, heart and contralateral breast and spinal cord (Fig. 1) .
IMRT technique
The same beam orientation and angles of the 3D-CRT plan were used for the tangential beam of the corresponding IMRT plan. The PTV included the same PTV used for 3D-CRT plan plus an extension into the air anteriorly of the chest of 1.5 cm, to ensure appropriate opening of multileaf collimator. A step-and-shoot technique was applied. The dose was prescribed to the PTV, and as initial dose volume constraints the IMRT prescription table provided by the XiO treatment planning system was used (Table 1) . Tissue inhomogeneities were considered in the treatment planning optimization process, and the dose calculation algorithm used was "Superposition".
and PTV and the OAR were defined. Using Focal Workstation. The 3D-CRT and IMRT plans were generated using Treatment Planning System CMS XiO 4.6.
An Elekta linear accelerator with single photon energy of 6 MV and multileaf collimator was used for the treatment. The leaf width was 1 cm from the isocenter. The dose calculation was determined using the "Superposition" algorithm. The prescribed total dose was 50 Gy in 25 fractions for 5 weeks for all patients. The beam energy of 6 MV was used for all 3D-CRT and IMRT plans. Both the 3D-CRT and forward planning IMRT plans were generated on the PTV of each patient and dose parameters were compared. The plan with the better Homogeneity Index, Conformity Index and decreased normal tissue dosages was taken as the better plan and was executed on the patient.
Statistics
IMRT and 3D-CRT plan parameters derived from the same patient were tested for statistically significant difference using the Student t-test. Statistical analysis was performed using the Wilcoxon signed rank test. This matched paired t-test was applied to determine the statistical difference between the dose-volume data. The reported 'P' Dose Volume Histograms were evaluated for the PTV and OAR. The ipsilateral and contralateral lung dose volume, Heart dose volume, contralateral breast dose, spinal cord dose, homogeneity index (HI), and conformity index (CI) between IMRT and 3D-CRT groups were compared. The dosimetric volumetric comparison of ipsilateral lung V20% and heart V70% and V30% were studied (Fig. 2) .
HI: defined as the fraction of the PTV with a dose between 95% and 105% of the prescribed dose (V95%-V105%).
CI: defined as the fraction of the PTV surrounded by the reference dose (V95%) multiplied by the fraction of the total body volume covered by the reference PTV dose (PTV95%/PTV) × (PTV95%/ V95%). Tables 2 and 3 compares plan parameters of opposed tangential beam 3D-CRT with Tangential beam IMRT for the adjuvant radiotherapy in 54 postoperative breast cancer patients.
RESULTS
The mean dose to contralateral lung was seen to be significantly higher with 3D-CRT 111.79 cGy vs. 41.98 cGy (IMRT) P = 0.024. The ipsilateral lung V20% received significantly higher dose with 3D-CRT than with IMRT (151.2 cGy vs. 115.4 cGy) P = 0.019.
The CI with 3D-CRT was 0.953 vs. 0.951 with IMRT (P = 0.327). Tangential beam IMRT improved the Homogeneity index 1.14 vs. 1.193 (P < 0.001) ( Table 4) .
In our study, with 3D-CRT in the first week grade I reactions was seen in 1 (12.1%), second week 3 (60.38%), third week 14 (29.78%), fourth week 24 (51.06%), and fifth week 11 (21.28%). Grade II reac- tions in second week 1 (12.12%), third week 2 (4.26%), fourth week 12 (25.53%), fifth week 27 (57.4%), while grade III was seen in the fourth week in 1 (12.12%), and fifth week 9 (19.14%). While with IMRT grade I reactions appeared only in the third week in 2 (28.5%) patients, fourth week 4 (57.12%), fifth week 1 (14.2%). But by end of fifth week, smooth grade II reactions were seen in 4 patients and grade III in 2 (28.57%) patients, respectively.
Onset of reactions were faster in 3D-CRT versus IMRT (first week versus third week). However at the end of treatment almost equal number of patients had grade II-III reactions. Reactions were smooth over the chest wall in both technique.
DISCUSSION
Several studies have showed a dosimetric benefit of IMRT compared to 3D-CRT for the whole breast in early breast cancer patients. Data about the impact of IMRT on the adjuvant radiotherapy of the chest wall in post mastectomy patients are scarce in the literature. In our country patients come in advanced stages when breast conserving surgery is not possible. So mastectomy is the treatment of choice here. There are distinct geometric differences between the target volume of the chest wall and the whole breast, and these differences might have an impact on the resulting dose distribution. This study was undertaken to evaluate the dose distribution of tangential beam forward planning IMRT versus Tangential Beam 3D-CRT. In our study, there was no difference in the CI but IMRT improves the HI significantly (P < 0.01).
The mean dose to all OAR was lesser in IMRT as compared to 3D-CRT of which the dose to contralateral lung was significantly lower with IMRT (111.7 cGy vs. 41.98 cGy, P = 0.024).
However, the doses to ipsilateral lung, heart, contralateral breast and spine, though lower with IMRT, were not statistically significant. Our data show that tangential beam IMRT compared to 3D-CRT significantly reduces Ipsilateral Lung V20% by 24%, Heart V70% by 74% and V30% by 38% doses than 3D-CRT, but were not statistically significant.
Similar results have been reported by Selvaraj et al. [13] compared IMRT based treatment plan with 3D-CRT. DHI was increased by 6.3% with IMRT compared to 3D-CRT (P < 0.05). The mean dose and V30 for heart with IMRT were 2.3 (standard deviation [SD], 1.1) and 1.05 (SD, 1.5) respectively, which was a reduction by 6.8% and 7.9%, respectively, in comparison with 3D-CRT. Similarly, the mean dose and V20 for the ipsilateral lung and the percentage of volume of contralateral volume lung receiving > 5% of prescribed dose with IMRT were reduced by 9.9%, 2.2%, and 35%, respectively. Their dosimetric data suggested improved dose homogeneity in the breast and reduction in the dose to lung and heart with IMRT.
Rudat et al. [14] reported IMRT resulted in significantly decreased heart and lung high dose volume with a significantly improved CI when compared to 3D-CRT. They also found that tangential beam IMRT for irradiation of the chest wall of post mastectomy breast cancer patients could significantly decrease the dose-volume of the ipsilateral lung.
Smith et al. [15] compared three tangential beam IMRT plans with conventional tangential beam 2D plans for the adjuvant radiotherapy of the whole breast in 20 patients with early breast cancer. All IMRT plans showed a significant improvement of the PTV HI of 15%, heart V30% of 28% to 33%, and whole lung V20% of 2% to 8% compared to the conventional technique.
Moorthy et al. [16] compared and analyzed the dosimetric aspects of IMRT over 3D-CRT for chest wall. There was a consistent improvement in CI for breast volume from 1.33 for 3D-CRT to 1.15 for IMRT (P < 0.05). The Homogeneity Index was improved with IMRT for the breast volume (P < 0.05). Ipsilateral lung V20 Gy was significantly reduced with IMRT (P < 0.01). Both lungs V20 Gy was significantly improved with IMRT (P < 0.01). The heart V30 Gy was 1.12% in IMRT against 2.5% in 3D-CRT. They concluded that both the methods achieved adequate target coverage, IMRT reduces maximum doses and improves Conformity and Homogeneity indices of target volumes, also reduces dose to OAR.
Freedman et al. [17] reported that IMRT decreases Acute Skin Toxicity for Women Receiving Radiation for Breast Cancer. There was no desquamation in 42% of IMRT patients, dry desquamation in 37% and moist desquamation in 21%. The degree of desquamation was greater for conventional patients compared with IMRT patients 52% grade 0, 10% grade 1, and 38% grade 2 (P = 0.001).
Prospective studies with long follow-up times are needed to fully evaluate the cardiac toxicity and secondary lung cancer risk in breast cancer patients treated with tangential beam IMRT.
Tangential beam IMRT for the radiotherapy in breast cancer patients offers the potential to significantly reduce the dose-volume of the ipsilateral lung, dose-volume of the heart compared to tangential beam 3D-CRT which will translate into decrease in risk of cardiac and lung toxicity also decreased second cancer risk. IMRT definitely delays the acute skin reactions in all patients.
